We measured basal metabolic rate (BMR) of nonreproductive and of breeding (pregnant and lactating) female brown longeared bats (Plecotus auritus) to investigate the effects of intraand interindividual variation in body mass and of reproduction on metabolism. The BMR of six nonreproductive females was measured between five and seven times at approximately 2-wk intervals over a period of 2.5 mo. There was a highly significant effect ( ) of body mass on BMR of these nonrepro-P ! 0.001 ductive females. The pooled within-individual scaling exponent (1.88) significantly exceeded the established mammalian interspecific exponent (0.75). In addition, we made single observations on 14 nonreproductive females to establish the effects of differences in mass between individuals. The mean BMR across all 14 individuals was 82 mW ‫42ע(‬ SD). There was a significant positive relationship between BMR and body mass across these individuals ( ), with a between-individual 2 r = 0.39 scaling exponent of 0.75. Inter-and intraindividual effects of mass on BMR were combined in a regression analysis that included mean body mass and deviation from mean mass on any given day as predictors. This regression model explained 55% of the variation in BMR. We made longitudinal measurements of BMR throughout reproduction and compared these with the predicted BMR of nonreproductive bats of the same body mass. Reproductive females exhibited temporal flexibility in BMR. BMR during pregnancy increased on a wholeanimal basis but was significantly lower (by, on average, 15%) than BMR predicted for nonreproductive females of the same
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Introduction
Basal metabolic rate (BMR) was defined by Kleiber (1961) as the rate of energy expenditure of an animal when it is performing no activity and has no costs for thermoregulation or digestion of food. It has long been established that different species of animals differ in their BMR (Kleiber 1961) . A major factor that explains most of the variation in BMR across species is body mass. Larger species expend energy at greater rates, although not in direct proportion to their mass. The interspecific scaling exponent is between 0.7 and 0.8 (Brody 1945; Kleiber 1961) .
Body masses of individual animals within a species are not constant. Furthermore, the body masses of individual animals do not remain stable over time. The effects of these variations in body mass on energy expenditure probably play an important role in the evolution of body size (Lindstedt and Boyce 1985; Millar and Hickling 1990) . However, the phenomena that underpin variations in body mass at the inter-and intraindividual levels are unlikely to be identical to the phenomena that underpin variation at the interspecific level (Kozlowski and Weiner 1997) . It would seem unlikely, therefore, that the scaling exponent relating body mass to energy expenditure at these intraspecific levels would match the interspecific exponent. Although this argument seems intuitively obvious, it has been widely ignored in two conspicuous ways: first, by expressing individual metabolic rates of animals per "metabolic gram" of tissue (i.e., divided by mass 0.75 ; e.g., Blaxter 1989) , and second, by including the 0.75 exponent in models aiming to elucidate the patterns of directional selection on body size (e.g., Lindstedt and Boyce 1985) . Studies that have addressed intraspecific variability in BMR (e.g., Daan et al. 1989; Earle and Lavigne 1990; Speakman 1996; Burness et al. 1998 ) have rarely found support for the 0.75 exponent. However, these studies have generally not distinguished the two separate sources of variation in body mass that occur within a species.
Mean body masses of small insectivorous bats fluctuate widely from day to day depending on environmental conditions during the time they are feeding (Speakman and Racey 1987) . In addition, there is a high degree of variability in body mass between individuals (Schober and Grimmberger 1989) . Hence, bats are particularly suitable as models for investigation of the effects of variation in body mass on energy expenditure. The first aim of this study was, therefore, to assess the scaling of BMR in nonreproductive brown long-eared bats (Plecotus auritus) at the inter-and intraindividual levels.
The relationship between BMR and reproductive performance has been a matter of debate for many years. Early models based on the principle of allocation (Gadgil and Bossert 1970) suggested that BMR and reproductive demands might be negatively related because these two aspects of energy expenditure would be in competition for allocation of the total energy available. However, both Henneman (1983) and McNab (1987) found positive interspecific relationships between BMR and intrinsic rates of population increase. These latter studies suggested that BMR might enhance reproductive performance, which was supported indirectly by observations that BMR is linked to the maximum total daily energy expenditure that animals are able to sustain for protracted periods (Drent and Daan 1980; Hammond and Diamond 1997) . By contrast, Derting and McClure (1989) and Hayes et al. (1992) both found no evidence that interindividual variation in prebreeding BMR was linked to variation in reproductive output. Thompson (1992) observed that many species, particularly those that have low BMRs relative to the interspecific prediction from Kleiber (1961) , increase their BMR during reproduction. This temporal flexibility in BMR, therefore, might explain the poor relationships established by Derting and McClure (1989) and Hayes et al. (1992) , who compared BMR at one time (prebreeding) with reproductive performance at another (see Speakman and McQueenie 1996) .
In some species, no increase in BMR is observed as the animals progress from prebreeding through pregnancy and lactation (reviewed in Thompson 1992) . Thompson (1992) suggested that these animals already had high enough levels of BMR to support the reproductive attempt. The comparison of BMRs both between different stages of reproduction and between reproductive and nonbreeding individuals is complicated because animals do not maintain constant body mass throughout reproduction. Different species vary in their mass dynamics throughout reproduction (Thompson 1992) , and different authors may have employed different criteria to assess whether metabolism changes or not, including mass-corrected values and whole-animal metabolic rates (Hayes et al. 1992; Speakman and McQueenie 1996) . The second aim of this study was to follow the changes in BMR and body mass that occur during reproduction in brown long-eared bats and to compare the metabolism of reproductive and nonreproductive individuals, using mass-corrected and whole-animal estimates of BMR.
Material and Methods
Adult female brown long-eared bats ( ) were obtained n = 19 from maternity roosts in the Grampian and Highland regions of Scotland (57ЊN) during the spring and early summer of 1992. Bats were housed in two outdoor flight enclosures ( m and m) subjected to a nat-4.0 # 2.0 # 1.5 6.0 # 2.0 # 3.0 ural photoperiod. For the duration of captivity (until the fall of 1992), bats were allowed free flight and roosted in heated roost boxes ( m). Bats were examined twice daily 0.4 # 0.4 # 0.3 for the presence of newly born young. Hence, the birth dates of all bats born in captivity ( ) were known ‫21ע(‬ h). The n = 5 bats were fed free-flying noctuid moths captured locally each night. When catches of moths yielded !20 individuals per bat per night (ca. 10% of nights), the diet was supplemented with 10-50 g of live mealworms (Tenebrio molitor). Adult bats were trained to feed on mealworms on arrival in captivity. Training took 1-3 d.
Respirometry
Measurements of BMR were made using an open-flow respirometry apparatus as described previously (Speakman and Racey 1988) . We did not absorb CO 2 before determination of oxygen content of the excurrent gases, as this maximizes accuracy in the derived estimate of energy expenditure (Koteja 1996) . Bats were placed into a sealed, cylindrical, perspex respirometry chamber (volume 200 cm 3 ) without food or water for approximately 90 min. Measurements were made at various times between 0900 hours and 1800 hours. Previous data indicate that diurnal variations in BMR are not evident over this period. The bats returned to the roost box after feeding each morning at approximately 0500 hours. Hence, measurements of BMR were taken at least 4 h after feeding had stopped. Since most digestive processing in the brown long-eared bat occurs in the first 4 h after feeding (Webb et al. 1993) , the bats were considered postabsorptive. The respirometry chambers were lined with a plastic trellis to enable the bats to hang in a normal, inverted roosting position. Shortly after entering the chamber, the bats settled down and hung motionless for the duration of the measurement. The chambers were housed inside an incubator (Gallenkamp, London) maintained at 35ЊC (previous studies indicate that the thermoneutral zone of the brown longeared bat is 34.5Њ-39ЊC; Webb et al. 1992 ). We did not measure body temperature of the bats. All the bats were warm to the touch and active on both entry to and exit from the chamber.
Flow rate through the system was regulated at approximately 250 mL min Ϫ1 using a mass-flow controller (Sierra Instruments, Los Angeles). Flow rate was measured at approximately 15-min intervals using a Wright's precision wet-gas meter (Alexander Wright, London). Excurrent gases leaving the chamber were dried and routed to a single-channel paramagnetic oxygen analyzer (series 1100, Servomex, Crowborough). Oxygen content of the sample gas was measured at 40-ms intervals, and the accumulated data were averaged and saved once every 30 s. Measurements of oxygen consumption were calculated by multiplying the incurrent flow rate by the decrease in oxygen content between incurrent and excurrent flows. Barometric pressure was recorded at the beginning and end of each measurement with a mercury barometer. All gas volumes were converted to stpd (273 K and 760 mmHg). Oxygen consumption (mL s Ϫ1 ) was converted to watts, assuming a respiratory quotient of 0.85 (20.09 J mL
Ϫ1
; Speakman and Racey 1987) .
All measurements of metabolism were made under conditions consistent with the definition of BMR (Kleiber 1961) . However, since part of the criteria for defining BMR is that it be obtained for nonreproductive animals (Blaxter 1989) , measurements made on reproductive bats could not by definition be basal metabolic rates. Nevertheless, to avoid confusion, we have used the term "BMR" throughout, independent of the animal's reproductive status, to emphasize that the same protocol was used on all animals (as used previously; Speakman and McQueenie 1996) .
We made repeated observations of six adult nonbreeding females to establish the effects of within-individual variation in body mass on BMR. Each individual was measured between five and seven times over a period of 72 d (33 total measurements). The interval between observations averaged 15 d. We also made single measurements of BMR in eight additional nonreproductive females. These single measures, in combination with single randomly selected values for the six individuals on which repeated measures had been made, were used to investigate the effect of variation in body mass between individuals on BMR.
A total of 16 measurements of BMR were made on four females during pregnancy. Each individual was measured between three and six times over a period of 20 d before giving birth. One of these bats was involved in another study and could not be used in postpartum measurements. Following birth, 49 measurements of BMR were made over a period of 75 d on the remaining three females and one additional female (which had not been measured during pregnancy). Lactation in brown long-eared bats lasts somewhere between 40 and 60 d. Because the duration of lactation has not been precisely fixed, we have called this entire 75-d period the "postpartum" period. By the end of this period none of the bats would be lactating.
To investigate trends in BMR with time and to provide a balanced design for ANOVA, we divided the data for pregnancy into four sections comprising 5-d intervals: days 20-16, days 15-11, days 10-16, and days 5-1 before birth. We selected a single value of BMR for each individual for each time section at random when more than one measurement was available. This design resulted in three missing values.
Similarly, we divided the postpartum data into eight stages: days 1-14, days 15-19, days 20-24, days 25-29, days 30-39, days 40-49, days 50-59, and days 59-75 following birth. We selected one measurement per individual per time interval in the same way as for collecting data during pregnancy. This design resulted in one missing value. Offspring of Plecotus auritus attach themselves to the mother's nipple almost continuously during the early stages of lactation (McLean and Speakman 1997) . The percentage of time attached decreases linearly throughout lactation. When mothers had young attached we separated them by inserting a plastic pen top into the side of the offspring's mouth to open it. Mothers were always measured separate from their offspring. Although we cannot eliminate the possibility that separating mothers from their offspring was stressful, there was no indication that this was the case. Females separated from their young did not spend time in the chamber searching for their offspring and in all respects behaved as females who were taken from the roost with the offspring already detached. Offspring were kept warm in a muslin bag while detached from their mothers and did not make isolation calls during this period. After each measurement the mothers were successfully reunited with their offspring, and all the mothers in this group successfully weaned their offspring.
Statistics
ANCOVA was used to investigate the effects of within-individual variation in body mass on BMR. Least squares regression analysis was used to examine the relationship between BMR and body mass between individuals. Paired t-tests were used to examine differences between the observed metabolism of reproductive bats and that predicted for nonreproductive females of the same body mass. Patterns of BMR over time throughout reproduction were examined using one-way repeated ANOVA.
Results

Nonreproductive Adult Females
Effect of Within-Individual Variation in Body Mass on Metabolism. Mean body masses of the six individuals involved in repeated measurements of BMR varied between 9.2 and 11.3 g. The ranges for each individual varied from 3.2 to 4.6 g. The pooled standard deviation across all individuals was 1.5, and the coefficient of variation in mass varied between 15% and 19%. The variation in body mass within each of these individuals therefore greatly exceeded the variation between them in their mean masses.
There was a highly significant effect of body mass on BMR ( Fig. 1 ; ANCOVA mass effect, , ). The gra-F =18.69 P ! 0.001 1, 26 dient of the relationship between mass and BMR was not sig- nificantly different between individuals (ANCOVA interaction, , ). The intercepts of these relationships also F =0.35 P = 0.88 5, 21 did not differ between individuals (ANCOVA, , F =1.28 5, 26 ). The best-fit general linear model for the P = 0.302 within-individual effect of mass on BMR was log e (0.43) log e mass (g). The gradient of BMR(W) = Ϫ7.04 ϩ 1.88 this relationship significantly exceeded the established mammalian interspecific exponent of 0.75 (Brody-Kleiber relationship; Blaxter 1989; , , ) . t = 3.02 df = 31 P ! 0.05
Effect of Between-Individual Variation in Body Mass on BMR.
The mean mass of the 14 bats used to investigate the effects of variation in mass between individuals on BMR was 10.7 g. The range was 5.5 g, and the coefficient of variation was 17%. The interindividual variation in body mass observed in this group was therefore approximately the same as the variation in body mass within the six individuals involved in the repeated measurements reported above. The mean BMR for nonreproductive adult females across all 14 individuals was 82 ‫42ע(‬ SD) mW. There was a significant positive relationship between BMR and body mass (Fig. 2) . The regression equation mass (g) exlog BMR(W) = Ϫ4.30 ϩ 0.75 (SD 0.27) log e e plained 39% of the variation in BMR ( , ). F =7.55 P = 0.02 1, 12 The gradient of this relationship did not differ from the anticipated interspecific exponent of 0.75 ( , , t = 0.01 df = 12 P 1 ).
0.05
If we used the mean metabolic rates and mean masses across the six individuals where repeated measurements were available, rather than selecting a single value for each of these individuals, Combining the Within-and Between-Individual Effects of Mass on BMR. Using the six individuals for which we had repeated measurements, we sought a relationship that combined the between-and within-individual effects of body mass on metabolism. This relationship could be used to predict both the expected energy demands of reproductive individuals, accounting for the within-individual changes, and the betweenindividual differences in body mass throughout reproduction. The best-fit equation by least squares linear regression analysis was where M is the mean BMR(mW) = 51.7 ϩ 2.0M ϩ 13.9D, mass of an individual bat across a number of days (g), and D is the deviation from the mean mass on any given day (g). This equation explained 55.4% of the variation in BMR (F = 2, 30 , ) . 18.64 P ! 0.001
Metabolism of Reproductive Adult Females
Pregnancy. Mean body mass (across individuals; ) inn = 4 creased throughout pregnancy, reaching almost 13 g immediately before birth (Fig. 3a) . The overall mean body mass in ). n = 4 Mean whole-animal BMR increased from 60 mW during days 20-16 before birth to 100 mW during days 5-1 before birth (Fig. 3b ). There was a significant effect of stage of pregnancy on observed BMR (repeated-measures ANOVA, F = 3, 9 ,
; Table 1) , with BMR significantly greater during 5.11 P = 0.025 days 5-1 before birth than at any other time (Tukey-Kramer method, mW). The overall mean BMR was 75 ‫31ע(‬ MSD = 32 SD) mW (averaged across individual means).
We used the equation combining the within-and betweenindividual effects of body mass on metabolism, obtained for nonreproductive females, to predict the BMR of pregnant females from their body masses. Paired t-tests indicated that observed BMR during pregnancy was significantly lower (on average 15%) than predicted (mean ‫21ע[‬ SD] difference = 14 mW, , ; mean values of predicted and observed t = Ϫ2.25 P = 0.05 BMR for each individual were used in the analysis;
). There n = 4 was no significant effect of stage of pregnancy on the difference between observed and predicted BMR (repeatedmeasures ANOVA, , ; Table 1 ). F = 2.09 P 1 0.05 3, 9 Observed BMR calculated as a multiple of the predicted nonreproductive BMR ranged from 0.74 (days 20-16 before birth) to 0.95 (days 10-6 before birth). There was no significant effect of stage of pregnancy on these values (repeated-measures ANOVA, , ; Table 1 ). We performed similar F = 2.16 P 1 0.05 3, 9 ANOVAs on the BMR data during pregnancy, using two other mass correction methods that have been employed previously in the literature. BMR was expressed first per gram of body mass and second per metabolic gram of body mass (i.e., divided by mass 0.75 ). There was no significant effect of stage of pregnancy on mass-corrected BMR in both cases (repeatedmeasures ANOVA, and 3.71, ; Table 1 ). F = 3.26
Postpartum. During the 75-d period after birth, mean body mass (across individuals, ) varied between 9 and 10 g ( Fig.  n = 4  3a) . The overall mean body mass was 9.6 g ‫3.0ע(‬ SD; g, averaged across individual means, ). During range = 0.6 n = 4 the postpartum period, BMR fluctuated between 90 and 120 mW (Fig. 3b) . There was no significant effect of postpartum stage on observed BMR (repeated-measures ANOVA, F = 7, 23 , ; Table 2 ). The overall mean BMR was 111 ‫01ע(‬ 1.80 P 1 0.05 SD) mW (averaged across individual means).
BMR during the postpartum period (days 1-75 postpartum) was significantly greater than predicted for nonreproductive females from the regression equation linking within-and between-individual variations in body mass to metabolic rate (mean mW, , paired , , difference = 47 SD = 12 t = 7.60 P ! 0.01 mean values of predicted and observed BMR for each individual were used in the analysis; ). n = 4 There was no significant effect of postpartum stage on the degree of elevation of BMR over nonreproductive BMR (repeated-measures ANOVA, , ; Table 2 ). Ob-F =1.46 P 1 0.05 7, 23 served BMR calculated as a multiple of the predicted nonreproductive BMR ranged from a mean of 1.41 during days 40-49 postpartum to 2.10 during days 30-39 postpartum (Table 2 ). There was no significant effect of postpartum stage on BMR elevation calculated in this way (repeated-measures ANOVA, , ; Table 2 ). F =1.32 P 1 0.05 7, 23 We performed similar ANOVAs on the postpartum data, using two other mass-correction methods as we had for preg- 
Discussion
Nonreproductive Adult Females
The mean BMR of nonreproductive adult females (82 mW) was 73% of the predicted BMR from body mass (using Kleiber's [1961] allometric equation of BMR on body mass). Webb et al. (1992) measured oxygen consumption in nonreproductive adult brown long-eared bats using a similar open-flow respirometry apparatus. The mean BMR for bats in Webb et al.'s (1992) study was 104 mW (mean mass of bats, 11.4 g, g), 88% of that predicted by the Kleiber (1961) range = 4.8 equation. Interpolating a mass of 11.4 g in the equation derived in this study, relating between-individual variations in mass to metabolism, gives a BMR of 84 mW, which is significantly lower than the mean BMR obtained at thermoneutrality by Webb et al. (1992; , , ) . The reason for this dist = 3.87 df = 36 P ! 0.001 crepancy is unclear. However, both studies are consistent with the suggestions of McNab (1980) that vespertilionid bats have lower BMRs than expected from body mass. In contrast, the average day-roosting metabolism of postlactating little brown bats (Myotis lucifugus; 125 mW; mean body g) is mass = 8.4 133% of the expected BMR from the Kleiber prediction (Kurta et al. 1987) . However, these measurements were obtained over the whole of the day-roosting period and include periods of activity and periods when the bats were not postabsorptive. Hence, they are probably elevated compared with BMR.
The effects of body mass on BMR were strongly dependent on whether the mass difference reflected a change within or a difference between individuals. The effect of mass changes within individuals had greater effects on BMR than the effects of mass differences between individuals. For example, an individual bat that increased in mass from 9 to 10 g would, on average, increase its BMR by 12 mW. In contrast, two individuals that differed by the same mass (9 vs. 10 g) would, on average, differ in their BMR by only half that amount (6 mW). The relationship between BMR and body mass within species is far more variable than that observed between species (Hayes et al. 1992 ). This variation is more than might be expected statistically from the effect of necessarily using a more restricted mass range within species and is not caused by measurement error, as the repeatability of BMR estimates are generally good (Hayes et al. 1992) . The current study suggests that the major explanation for the variation in the relationship of mass and BMR within species is that single point estimates of body mass and metabolism combine two separate effects of mass on metabolism: the within-and between-individual effects.
The metabolic rate of an individual bat, in relation to its mass depends on two factors: first, the expected average body mass of that individual (i.e., the between-individual mass effect) and, second, the deviation of the individual's mass from its own average on that particular day (i.e., the within-individual mass effect). As the gradients of these two effects are not equal (within-individual effect, 1.88, vs. between-individual effect, 0.75), it is possible for two individual bats of the same body mass to have widely different metabolic rates. For example, a bat that weighed on average 10 g across several days might on a particular day only weigh 8 g. Its metabolic rate would be considerably lower than an individual that also weighed 8 g on the same day but that on average across many days weighed only 7 g. Scott et al. (1996) also found a greater mass exponent for within-individual BMR (1.26) than between-individual BMR (1.02) in the redshank (Tringa totanus). In Scott et al.'s (1996) study, between-individual variation in BMR was best explained by variation in lean mass, whereas within-individual variation in BMR was best predicted by variation in the mass of body fat. The similarity of the direction of the within-and between-individual effects across these divergent taxa points to their possible generality.
The fact that the within-and between-individual effects of mass on metabolism are different has important consequences for the estimation of daily energy requirements of animals when using the standard time and energy budget approach (e.g., Kunz and Nagy 1988) . In general, the method employed for construction of such budgets is to measure the basal energy expenditure of a sample of animals in the laboratory and then evaluate the energy budget of the animals in the field, using multiples of the BMR for each of the component behaviors (e.g., Nagy 1989) . Observations of time budgets of animals in the field are then converted to energy expenditures, generally using the mass of the animal as a starting point to predict the BMR (e.g., Williams and Nagy 1984) . Using a single mass estimate, however, will not accurately predict BMR because it is impossible to know from a single measurement of mass whether that individual is currently under-or overweight relative to its average mass. Even if one could assess the mass of the individual relative to the population as a whole, this would not provide information on its mass relative to its own average. This discrepancy may in part explain why the correspondence between individual time and energy budgets and simultaneous doubly labeled water estimates of energy expenditure are generally poor (e.g., Williams and Nagy 1984; Nagy 1989) .
Reproductive Female Metabolism
Pregnancy. Whole-animal BMR increased during pregnancy but was significantly lower than the BMR expected for a nonreproductive adult female of equivalent body mass. These findings are consistent with previous studies. Herreid (1967) , for example, reported that Mexican free-tailed bats, Tadarida brasiliensis mexicana, during early pregnancy, have metabolic rates that are not different from males tested at the same time. Pren-tice and Whitehead (1987) demonstrated that in some women, resting metabolic rate during gestation and/or lactation is lower than prebreeding BMR, and Smith (1956) observed that metabolic rate during pregnancy in M. lucifugus is always less than the expected level of metabolism for a nonpregnant mammal of the same mass. In small rodents, many studies have shown that increases in metabolism during gestation do not keep pace with the large increase in body mass (Slonaker 1924; Wang 1924; Kaczmarski 1966; Migula 1969; Myrcha et al. 1969; Innes and Millar 1981) . Although the increase in metabolic rate during late pregnancy has been attributed to the relatively high energy demands of the fetus (Blaxter 1989) , the fact this increase is generally lower than that predicted for a nonreproductive individual of the same body mass indicates that fetal metabolic rates are probably lower than those of maternal tissue.
Postpartum. In this study, observed BMR throughout the postpartum period (75 d) was significantly higher than BMR predicted for nonreproductive adult females. The precise duration of lactation in the brown long-eared bat is unknown. However, behavioral studies (McLean and Speakman 1996,1997) , in combination with longitudinal measurements of water flux in reproductive females (McLean and Speakman 1999) , indicate that lactation lasts between 40 and 60 d. In this study BMR was elevated throughout this period. The elevation in maternal BMR may be caused in part by the costs of milk synthesis or maintenance of enlarged organs such as alimentary tract and liver, as found in mice and rats (e.g., Hammond et al. 1994; Speakman and McQueenie 1996) . Elevated BMR during lactation has been found previously in several species (marsupials and placentals) with low nonreproductive BMRs (e.g., Nicoll and Thompson 1987; Thompson 1992) . Nicoll and Thompson (1987) suggested that eutherians with relatively low BMRs could increase their allocation of energy to reproduction by elevating BMR. Temperate zone vespertilionid bats time reproductive events so that lactation and weaning of the offspring coincide with the highest levels of resource abundance (Kunz 1974; Racey and Swift 1985) . Hence, the finding in this study that BMR elevation occurs during lactation rather than during pregnancy is consistent with McNab's (1987) prediction that BMR elevation would be restricted to species where reproduction is timed to coincide with high resource abundance. The mean BMR during the postpartum period was 111 mW. This was 11% greater than the Kleiber (1961) prediction. This is in concordance with the suggestion that BMR in reproduction is usually near or slightly above the level expected from the Kleiber curve (Thompson 1992) . There was no significant temporal variation within the postpartum period, using either wholeanimal or mass-corrected BMR. There was no obvious decline in BMR once lactation had ended at around 60 d postpartum.
We are uncertain what the bats were doing during this period. Measurements of their body mass (Fig. 2 ) indicated they were not accumulating fat in preparation for hibernation, which is consistent with field records of their mass that indicate fat accumulation does not occur until after late September (approximately 70-90 d following birth of their offspring; Speakman and Racey 1987, and unpublished data) . Perhaps during this postlactational period the bats molt, which in some studies of birds has been associated with elevated energy requirements (Lustick 1970; Brown 1985; Murphy and King 1986 ; but see Brown and Bryant 1996) . We do not know if our bats molted during this period. Alternatively, many insectivorous bats mate between the end of lactation and the onset of hibernation. The elevated BMR may be connected with this phenomenon. However, the female bats in our colonies were kept in exclusively female groups, so the effect might reflect preparation for mating rather than events connected to copulation itself. Our data suggest that females that breed in any given year may therefore spend their entire summer period operating at whole-body levels of energy expenditure that are higher than those of nonreproducing individuals.
In conclusion, we have found that the scaling of BMR with body mass in nonreproductive brown long-eared bats differed significantly within and between individuals. We suggest that single estimates of body mass for an individual might often produce imprecise predictions of BMR from allometric equations. To predict BMR accurately requires information about the current state of body mass relative to average mass. We have also demonstrated an elevation (ca. 75%) in BMR during lactation above the level expected from body mass for a nonreproductive individual. This supports the suggestion that high maternal BMR's are either advantageous or essential for lactation (McNab 1980; Nicoll and Thompson 1987) . Our data are also consistent with Thompson's (1992) suggestion that BMR in mammals during reproduction is usually near or slightly above the BMR predicted by Kleiber (1961) for a nonreproductive female of similar body mass. Temporal flexibility in BMR, as found in this study, has important consequences for studies aiming to establish correlations between BMR and reproductive output. Many studies have reported positive correlations between BMR and reproductive parameters (e.g., McNab 1980 McNab , 1987 Glazier 1985) . However, other investigations have failed to establish links between BMR and reproductive output (e.g., interspecific, Hayssen et al. 1985; intraspecific, Hayes et al. 1992) . If some species have the capacity to elevate BMR during reproduction above the level of nonreproductive BMR, as found here, this might explain why these latter attempts failed to provide evidence for a link between BMR and reproduction, as also suggested by Speakman and McQueenie (1996) .
